We present a simple modification for thermoelectrically cooled photomultiplier tube ͑PMT͒ assemblies that eliminates the magnetic interference between the peltier element and the PMT. An active compensation is accomplished by forming current loops of the wires of the peltier element and placing them in such a way that they eliminate the interfering magnetic field. It is demonstrated that the improved system reduces measurement errors of the order of 1% to statistical noise at the level of 0.07%.
INTRODUCTION
Photomultiplier tubes ͑PMTs͒ are commonly used as detectors in spectroradiometer systems. PMTs are often cooled with thermoelectric coolers ͑peltier elements͒ to reduce noise level and dark current in the measurements.
1 Unfortunately, peltier elements need to be driven at relatively high current levels up to a few amperes. This may cause electromagnetic interference ͑EMI͒ in the system in various ways. If the return current travels a common path with the low PMT signal, interference may take place due to common impedance. This may be avoided by careful design and proper grounding of the electronics. Another possible interference mechanism is coupling through the magnetic field produced by the current flowing through the peltier element. Peltier elements are very close to the PMT and thus may deflect electrons from their normal trajectories causing loss of gain.
2 This effect may be reduced by using a magnetic shield made of mu-metal between the peltier element and the PMT. Ace has patented an active design for compensating the magnetic field by placing two peltier elements in series with each other, in such an orientation that the magnetic fields compensate for each other.
Unfortunately, this requires specially made mirrored peltier elements that are not easily obtainable.
In this paper, we describe a simple modification of a peltier system that practically eliminates the problems due to the magnetic field. The modification is based on the Ace's patented method. However, instead of using two peltier elements, compensation is accomplished by making simple loops of the current leads of the peltier element and using these loops to cancel the magnetic field. We start by describing the findings of the original spectroradiometer system, present the modifications made, and finally present measurement results, indicating the level of improvement in the performance of the system.
PRELIMINARY MEASUREMENTS
The device under consideration is a Bentham spectroradiometer consisting of a double monochromator with three gratings installed in a turret. For the ultraviolet and visible regions, a thermoelectrically cooled multialkali head-on PMT of type R562MOD from Hamamatsu is used. The PMT is installed inside a tubular oven ͑Fig. 1͒. The inner wall of the oven is cooled with a large 5 ϫ 5 cm 2 peltier element down to maximum of −25°C. The outer wall is thermally insulated from the inner wall. The cooling power of the peltier element is controlled with pulse-width modulation. The control electronics drive the element with full current of 6.5 A. Temperature measurement sensor gives feedback to the electronics which change the cooling power by switching the full current on and off.
The system had severe EMI problems. When measuring a light source, the measured irradiances flickered up and down by approximately 1%. Oscilloscope measurements indicated that the changes were synchronized to the pulsewidth modulation of the temperature controller electronics. No flickering was noted when measuring in the dark ͑detec-tor closed͒ so the problem was attributed to the change of the system gain. Possibilities of broken system components or coupling through common impedance were first ruled out. System components were one at a time replaced by components known to work. All devices were used with isolation transformers to cut possible ground loops. These modifications did not improve the situation.
After making sure that the problem was in the PMT, the oven was opened. The tube was taken out and replaced with a compass. The needle of the compass turned back and forth in pace with the peltier current. We installed a tubular shield made of mu-metal between the oven and the PMT. This did not remove the problem. The PMT was reinstalled in the oven, the oven was filled in with nitrogen, and the lid of the oven was closed. The nitrogen filling ensures that frost cannot form on the PMT or on the entrance window of the monochromator during cooling. 
MODIFICATIONS
After ensuring that the problems were originating from the magnetic field caused by the driving current of the peltier element, the wiring of the element was modified. The wire of the positive terminal of the element was cut and extended. The extension was then used to form a loop. The loop was placed on top of the peltier element and mechanically attached to the heat sink ͑Fig. 2͒. The current through the loop was fed in opposite direction to the current in the peltier element. The compensation was fine tuned by varying the loop size while monitoring the error signal in the photocurrent output. In our case, the heat sink offers an attractive place to attach the compensation circuit. The dips of the heat sink can be used to attach the cables to form loops of various sizes. In our case we needed to form two loops with areas of 32ϫ 110 and 15ϫ 110 mm 2 to exactly compensate for the magnetic field. Attaching leads to the heat sink slightly reduces the heat exchange capacity, so the performance was checked. Our detector can still reach the specified minimum temperature of −25°C, so we conclude that the change is not remarkable. The leads reduce the effective area of the heat sink by less than 4%. Figure 3 presents measurement results with the spectroradiometer before and after the modification. Measurements were performed on a 1 kW incandescent lamp and normalized to account for different absolute power levels ͑ϳ80 nA in PMT current͒ in the two measurements. Stationary wavelength of 600 nm was measured instead of an ordinary scan. In both measurements, settings such as the integration time ͑ten measurements at 0.2 s interval averaged͒ and the temperature set ͑−20°C͒ were the same.
TEST MEASUREMENTS
Before the modification, the difference between the signals in the current-on, and current-off modes is 0.8%. After the modification, we can only see noise with standard deviation of 0.07%. Spectral scans of the lamp irradiance were also tested. These did not show any interference with the modified wiring, so the compensation does not depend on the power level measured. Effect of cooled temperature was also tested. No noticeable interference could be seen at any tested temperature between −20 and +20°C.
CONCLUSIONS
We have presented a simple modification for peltier cooling circuits that eliminates the magnetic interference between the peltier element and the PMT to be cooled. The method is based on an active loop, where the current going through the peltier element flows in the opposite direction, thus creating a compensating magnetic field. Due to the active nature of operation, the level of compensation should not depend on the level of the driving current. The strength 3 . Measurement results on a 1 kW incandescent lamp before ͑thick line͒ and after ͑thin line͒ the modification. Stationary wavelength of 600 nm was measured at 2 s intervals. The photomultiplier tube was cooled in both measurements down to −20°C and allowed to stabilize, so that the pulsewidth modulated interference was present.
043102-2 P. Kärhä and T. Jaakkola Rev. Sci. Instrum. 79, 043102 ͑2008͒ of the compensation field directly follows the strength of the disturbing field. The compensation method does not require special peltier elements. Also, the extra space needed for the compensation loops is minimal. The modification should thus be possible to install in any old spectroradiometer suffering from this type of interference.
Even with the new arrangement, one has to pay special attention to moving objects near the PMT. Metal objects such as screw drivers or wrenches placed near the PMT change the coupling of both the interference and the compensation.
Surroundings of the spectroradiometer should thus be kept as stationary as possible while measuring.
